The key to success of orthodontic treatment needs periodontal health, oral hygiene, and optimal orthodontic forces. New methods have been developed to shorten treatment times, reduce side effects such as pain, periodontal diseases, and minimize iatrogenic damages such as root resorption and the subsequent development of nonvital teeth.

Tooth movement induced by orthodontic force application is characterized by remodeling changes in the dental and periodontal tissues.\[[@ref1]\] Two interrelated processes involved in orthodontic tooth movement (OTM) are (1) bone bending (2) remodeling of the periodontal tissues, including the dental pulp, periodontal ligament (PDL), alveolar bone, and gingiva. The applied force causes the compression of the alveolar bone and the PDL on one side (pressure), while on the opposite side the PDL is stretched (tension).\[[@ref2]\]

Orthodontic forces changes periodontal tissue vascularity leading to the synthesis of various signaling molecules and metabolites. The released molecules generate cellular responses around the teeth, providing a favorable microbiological environment for tissue deposition or resorption.\[[@ref1]\] Various cell-signaling pathways are initiated, which ultimately stimulate PDL turnover, as well as localized bone resorption and bone deposition.\[[@ref3]\]

Phases of Orthodontic Tooth Movement {#sec1-1}
====================================

In 1962, Burstone\[[@ref4]\] said that, if the rates of tooth movement are plotted against time, there will be three phases of tooth movement:

Initial phaseLag phasePost lag phase.

Pilon *et al.*\[[@ref5][@ref6]\] recently divided the curve of tooth movement into four phases \[[Table 1](#T1){ref-type="table"}\]. Biomarkers reflecting these phases and signaling pathways can be found in the gingival crevicular fluid (GCF) of moving teeth, where significant elevations in the concentrations of inflammatory mediators, such as cytokines and prostaglandins, occur temporally.

###### 

Phases of orthodontic tooth movement (Pilon *et al*.\[[@ref5]\])
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Gingival Crevicular Fluid {#sec1-2}
=========================

Gingival crevicular fluid is an exudate that can be harvested from the gingival sulcus, which offers a great potential as a source of factors associated with changes and destruction in the underlying periodontium due to orthodontic force application.

Orthodontic tooth movement have used GCF because of its noninvasive nature and ease of repetitive sampling from the same site with the help of platinum loops, filter paper strips, gingival washings, and micropipettes. The fluid is used to analyze various biochemical markers, which will be discussed later in this paper in detail.

Biomarkers of Orthodontic Tooth Movement {#sec1-3}
========================================

A biomarker is a substance that is measured and evaluated objectively as an indicator of normal biologic processes, pathogenic processes, or pharmacologic responses to a therapeutic intervention.\[[@ref7]\]

A good biomarker should be specific and sensitive and have the ability to inform about the biological condition in terms of periodontal tissue changes and their relationships with the particular phase of OTM. Knowledge about the type of cellular process will give a good idea of giving proper mechanical loading and thus shorten the period of treatment, which can also aid in avoiding adverse effects associated with orthodontic treatment.

In this paper, the importance of evaluating the levels of substances as valid biomarkers of periodontal effects of an orthodontic treatment is shown, through an proper description of the specific role of each of them \[[Table 2](#T2){ref-type="table"}\]. Citations to the various markers were done by going through numerous journals, PubMed, databases, and various scientific textbooks. We also did some journal search and discussed with experts in this field to provide sufficient literature.

###### 

List of GCF biomarkers and their role in orthodontic tooth movement
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Metabolic Products of Paradental Remodeling {#sec1-4}
===========================================

Glycosaminoglycans {#sec2-1}
------------------

Glycosaminoglycans (GAG) in GCF were investigated by Last *et al.* as a major band of hyaluronic acid and a minor band of chondroitin sulfate.\[[@ref8]\]

Samuels *et al.*\[[@ref9]\] studied the GCF in children around a canine tooth, before and during OTM to identify and quantify the glycosaminoglycan components of GCF and relate them to tooth movement, gingivitis, plaque accumulation, pocket probing depth, and GCF volume recorded at the site of sampling.

Pender *et al.*\[[@ref10]\] investigated the changes in the flow of GCF and its glycosaminoglycan components at three stages of orthodontic treatment, before orthodontic treatment, during canine retraction, and in retention, to relate them to tooth movement.

Both the studies concluded that the increase in GCF volume during OTM and the decrease during retention were only partly due to changes in the severity of gingival inflammation.

Pyridinium derivatives {#sec2-2}
----------------------

The pyridinium derivatives, pyridinoline (Pyr), and deoxypyridinoline (dPyr), are structural elements that bind together collagen chains. Pyr is abundant in skeletal tissues, whereas dPyr is a minor component found predominantly in bone and dentin. These two molecules are used as markers to evaluate bone resorption in such cases as Paget\'s disease and primary hyperparathyroidism.\[[@ref11]\]

Pentraxin-3, also known as tumor necrosis factor-stimulated gene 14 {#sec2-3}
-------------------------------------------------------------------

Pentraxin-3 (PTX-3), also known as tumor necrosis factor (TNF)-stimulated gene 14 (TSG-14), is a 45-kDa glycoprotein with a 202 amino acids Surlin *et al.*\[[@ref12]\] measured the levels of PTX-3 in GCF in orthodontic young and adult patients in the first 2 weeks after the orthodontic appliance showing an increased GCF levels of PTX-3 suggesting PTX-3 involvement in periodontal orthodontic remodeling and the aseptic inflammation induced by the orthodontic forces.

N-telopeptide type 1 and osteocalcin {#sec2-4}
------------------------------------

N-telopeptide (NTx) is a specific marker of bone resorption because of its cross-linked a-2 (I) NTx. When multiple biochemical markers of bone turnover were compared, NTx was found to be a more sensitive measure of bone resorption. Hence, NTx might be an important marker of active periodontal bone loss and could be useful for analyzing site-specific responses to periodontal therapy.

Osteocalcin is a noncollagenous matrix protein of calcifying and calcified tissue. It is produced by osteoblasts and has been described as the most specific marker of osteoblast function.

Osteocalcin has been found in GCF from patients with periodontal disease: And increases in GCF osteocalcin concentration were associated with high bone turnover, assessed by digitized radiography and bone-seeking radiopharmaceutical uptake. Therefore, it remains to be established whether osteocalcin GCF levels can be used as markers of bone turnover.\[[@ref13]\]

Matrix metalloproteins 1 and 8 {#sec2-5}
------------------------------

Matrix metalloproteins (MMPs) are chemokines may contribute to differential bone remodeling in response to orthodontic forces through the establishment of distinct microenvironments in the sites of both compression and tension.\[[@ref14]\] MMP protein was induced by compression and increased significantly with time, reaching a peak after 8 h of application of force. On the tension side, MMP was significantly increased after 1-h but gradually returned to basal levels within 8 h.\[[@ref15]\] This result indicates that MMP-2 could be used during very early stages of orthodontic treatment as a marker for active tooth movement.

Inflammatory mediators {#sec2-6}
----------------------

### Prostaglandin E {#sec3-1}

Prostaglandin E (PGE2), specially, is able to mediate inflammatory responses and induce bone resorption by activating osteoclastic cells.\[[@ref16]\] They directly stimulate osteoclast production and form ruffled border to affect bone resorption. In addition, the GCF level of PGE2 reflect the biologic activity in periodontium during OTM, and it is significantly high in both tension and compression sides.\[[@ref17]\] Clinical and animal studies\[[@ref18][@ref19]\] by various authors have identified PGE1 and PGE2 role in stimulating bone resorption.

### Neuropeptides (calcitonin related gene peptide and substance p) {#sec3-2}

The peripheral sensory nervous system contributes to the development of acute and chronic inflammatory processes through the local release of neuropeptides. Various neuropeptides, including substance *P* (SP) and calcitonin gene-related peptide, are known to be present in the nerve fibers in the tooth pulp and the periodontium in rats, cats, monkeys, and humans.\[[@ref20][@ref21][@ref22][@ref23][@ref24][@ref25]\] With the application of physiologic orthodontic force, SP increases production of proinflammatory cytokines and formation of osteoclasts in dental pulp fibroblasts in patients with severe orthodontic root resorption.\[[@ref26]\] Sohn\[[@ref27]\] reported that SP activated the osteoclastogenesis in osteoclast precursors (bone marrow macrophages).

Transforming growth factor-α1 {#sec2-7}
-----------------------------

Transforming growth factor is a family of polypeptides produced by cells within the periodontium involved in many biologic activities, including cell growth, differentiation, and apoptosis, as well as in developmental processes and bone remodeling.\[[@ref28]\] Uematsu *et al.*\[[@ref29]\] reported the presence of TGF- α1 in GCF during OTM. His study showed a rapid and transient increase associated with elevation of cytokine levels and may reflect early stages of tooth mobilization.

Epidermal growth factor {#sec2-8}
-----------------------

Epidermal growth factor (EGF) is another cytokine possibly associated with bone remodeling. Fibroblasts and stromal cells produce it.\[[@ref30]\] Uematsu *et al.*\[[@ref31]\] in a study reported a transient elevation of EGF levels in GCF after application of mechanical stress of an experimental tooth.

α2 Microglobulin and insulin-like growth factor-1 {#sec2-9}
-------------------------------------------------

α2 microglobulin (α2MG) is considered a mediator with a considerable role in the inflammatory response, because of its association with major histocompatibility complex, class I, as well as because of its similarity in amino acid sequence to the constant region of the immunoglobulin chain. Although it is produced in other tissues besides bone, α1MG enhances the biologic action of insulin-like growth factor-I (lGF).\[[@ref30]\] They are a family of peptides that promote cell proliferation and differentiation and have insulin-like metabolic effects. They have been associated with stimulation of the osteoblasts and its functions.\[[@ref32]\]

Therefore, an increase in α2-MG concentration leads to enhancement of bone deposition activity. Uematsu *et al.*\[[@ref30]\]-found an increase in αMG levels in the GCF after mechanical orthodontic stimulation.

Interleukin-1 (receptor antagonist) 1β, 2, 6, 8 {#sec2-10}
-----------------------------------------------

Interleukin-1 (IL-1) are cytokines that affect bone metabolism and OTM, has 2 forms -- α and β -- that code different genes have similar actions. These actions include attracting leukocytes and stimulating endothelial cells, fibroblasts, osteoclasts, and osteoblasts to enhance bone resorption and inhibit bone formation.\[[@ref33]\] Osteoblasts are target cells for IL-1, which in turn conveys messages to osteoclasts to resorb bone.\[[@ref34]\] Tuncer *et al.*\[[@ref35]\] reported increased levels of IL-8 at PDL tension sites and proposed it to be a triggering factor for bone remodeling. Another cytokine of the IL family with a stimulatory effect on bone remodeling and osteoclast formation is Il-6.\[[@ref30]\]

Tumor necrosis factor {#sec2-11}
---------------------

Tumor necrosis factor-α, another pro-inflammatory cytokine, was shown to elicit acute or chronic inflammation and stimulate bone resorption. Studies\[[@ref36][@ref37][@ref38][@ref39]\] have shown that TNFα directly stimulates the differentiation of osteoclast progenitors to osteoclasts in the presence of macrophage colony-stimulating factor (M-CSF). Davidovitch *et al.*\[[@ref36]\] and Saito *et al.*\[[@ref37]\] demonstrated marked increases in TNFα in cells of the PDL and alveolar bone during OTM in cats.

Macrophages colony stimulating factors {#sec2-12}
--------------------------------------

Colony-stimulating factors are specific glycoproteins, which interact to regulate production, maturation, and function of monocyte-macrophages-CSF (M-CSF) as well as granulocytes-CSF (G-CSF). They might have implications in bone remodeling and thereby during tooth movement.\[[@ref16]\] An important implication in tooth movement is played by the M-CSF through an increased early osteoclastic recruitment and differentiation.\[[@ref40]\] In the future, optimal dosages of M-CSF already correlated with measurable changes in tooth movement and gene expression will provide a great potential in accelerating clinically the rate of tooth movement.

Receptor activator of nuclear factor-kappa/receptor activator of nuclear factor-kappa ligand/osteoprotegerin system {#sec2-13}
-------------------------------------------------------------------------------------------------------------------

The TNF-related ligand receptor activator of nuclear factor-kappa ligand (RANKL) and its two receptors, receptor activator of nuclear factor-kappa (RANK), and osteoprotegerin (OPG), are known for involvement in bone remodeling process.

Receptor activator of nuclear factor-kappa ligand is a downstream regulator of osteoclast formation and activation, through which hormones and cytokines produce their osteoresorptive effect. In the bone system, RANKL is expressed on osteoblast cell lineage and exerts its effect by binding the RANK receptor on osteoclast lineage cells. This binding leads to rapid differentiation of hematopoietic osteoclast precursors to mature osteoclasts.

Osteoprotegerin is a decoy receptor produced by osteoblastic cells, which compete with RANK for RANKL binding. The biologic effects of OPG on bone cells include inhibition of terminal stages of osteoclast differentiation, suppression of the activation of matrix osteoclasts, and induction of apoptosis.\[[@ref41][@ref42]\] Kanzaki *et al.*\[[@ref43]\] reported recently that OPG gene transfer to periodontal tissues inhibited RANKL-mediated osteoclastogenesis and inhibited experimental tooth movement in rats. Thus, the inhibition of the activity of RANKL in its promoting osteoclast differentiation could be very helpful in preventing movement of anchor teeth during orthodontic treatment and a relapse during the post treatment period.

Myeloperoxidase {#sec2-14}
---------------

Myeloperoxidase (MPO) is an enzyme found in polymorphonuclear neutrophil (PMN) granules and can be used to estimate the number of PMN granules in the tissues. Mean MPO activity increased in both the GCF and saliva of orthodontic patients 2 h after appliance activation and they might be a good biomarker to assess inflammation in orthodontic movement.\[[@ref44]\]

Markers of root resorption {#sec2-15}
--------------------------

Early detection of root resorption during orthodontic treatment is essential for identifying teeth at risk of severe resorption.\[[@ref45]\] At present, detection of root resorption is obtained using radiographic techniques which are technique sensitive require radiation exposure.

Dentin consists of noncollagenous proteins such as dentine matrix protein 1, dentin phosphoprotein (DPP), and dentin sialoprotein (DSP). DPP and DSP are products of mRNA transcription and are portions of one expressed protein known as dentin sialophosphoprotein. Examination of patients undergoing active orthodontic treatment showed elevated levels of DPP relative to the control group.\[[@ref46]\] Kereshanan *et al.*\[[@ref47]\] reported the potential for measuring DSP in GCF as a biomarker to monitor root resorption. Results showed that DSP was raised at sites that were undergoing physiological resorption compared with the nonresorbing controls.

Enzymes and enzyme inhibitors {#sec2-16}
-----------------------------

### Cathepsin B {#sec3-3}

Cathepsin B, an intracellular lysosomal enzyme is known to play an important role in the initiation and perpetuation of inflammatory processes. The accumulation of cathepsin B in GCF has been shown to increase with OTM. They were increased around osteoclasts and played a role in the decomposition of exposed collagen fibers and collagen degradation byproducts.\[[@ref48]\]

### Acid phosphatase and alkaline phosphatase {#sec3-4}

Bone metabolism is associated with alkaline phosphatase (ALP) and acid phosphatase (ACP), expressed, respectively, by osteoblasts and osteoclasts.

Alkaline phosphatase is a ubiquitous tetrameric enzyme, localized outside the cell membrane.\[[@ref49]\] ALP activity is found at much higher levels in PDL than in other connective tissues.\[[@ref50]\] In conjunction with bone formation increased levels of ALP were detected in human GCF collected from orthodontically treated patients. Therefore, they might have biological activities in the early stages of tooth movement.\[[@ref51][@ref52]\] Insoft *et al.*\[[@ref53]\] performed a longitudinal study on three subjects, with data showing early elevations in ALP activity during the time when little tooth movement occurs and an increase in ACP activity that coincided with maximum tooth movement.

Enzymes of high cellular activity {#sec2-17}
---------------------------------

In general, a high enzyme activity is suggestive of a greater cellular activity.\[[@ref54]\] An apoptotic process occurs to eliminate the hyalinized periodontal tissue formed during the early stages of orthodontic movement. Among mediators of the apoptotic response activated by alterations in the intracellular ionic milieu, the most relevant are as follows:

β-Glucuronidase {#sec2-18}
---------------

A biomarker of primary granule release from polymorphonuclear leukocytes is the lysosomal enzyme β-glucuronidase (βG). Increased levels of this enzyme have been found in the GCF of adolescents treated with the rapid maxillary expander. Moreover, βG, as other biochemical mediators like IL-1β, responds to direct and indirect application of mechanical force to teeth, with an increased level that is higher than following stronger forces.\[[@ref55]\]

Aspartate aminotransferase and lactate dehydrogenase {#sec2-19}
----------------------------------------------------

Aspartate aminotransferase (AST) and lactate dehydrogenase activities in GCF have been measured to confirm the biological activity, which occurs in the periodontium during orthodontic treatment. They are soluble enzymes normally confined to the cytoplasm of cells then released to the extracellular environment after cell necrosis. The GCF AST activity is significantly elevated in both tension and compression sites at days 7 and 14. This rise is explained as a consequence of a controlled trauma, which produces cell death as a consequence of mechanical force exerted on alveolar bone and PDL.\[[@ref56]\] It positively relates with compression sites caused by an OTM.\[[@ref57]\]

Conclusion {#sec1-5}
==========

On the basis of sequential reactions and released substances, numerous substances have been proposed as biomarkers. This will give a better understanding of the ongoing cellular process during orthodontic treatment. We also have to remember that the development of biomarkers will go on and will keep providing vital information of the microenvironment. Thus, the data suggest that knowledge of all the biomarkers present in the GCF that can be used to mark the changes in tooth that is undergoing orthodontic treatment may be of clinical usefulness leading to proper choice of mechanical loading, to improve and to shorten the period of treatment, avoiding adverse consequences.

**Source of Support:** Nil

**Conflict of Interest:** None declared.
